Esculetin (6,7-dihydroxycoumarin) and its diacetate exhibited a marked inhibitory effect on Newcastle disease virus replication in cell cultures at concentrations of 36 jam and 62 jam, respectively. These compounds were selected from ten hydroxycoumarin derivatives through an in vitro antiviral screen involving viruses of the picorna-, orthomyxo-, paramyxo-, and herpes virus families.
Introduction
The 6,7-dihydroxy-and 6,7,8-trihydroxycoumarin derivatives are widely distributed in the plant kingdom and occur freely or as glycosides. Various biological actions have been found for these com pounds; e.g., antiinflamatory, antimicrobial, im m u nomodulatory, liver-protecting, and vitamin P-like activities; and inhibition of cA M P phosphodiester ase, lipoxygenase and cyclooxygenase (Yamagami et al., 1968; Jurd et al., 1974; Kimura and Okuda, 1985; Tsukamoto et al., 1985; Handa et al., 1986; Nishibe et al., 1986; Tubaro et al., 1988) . However, studies on their antiviral effect are very limited. Only esculin has been tested and it failed to show effects on herpes simplex virus type 1 replication and on human immunodeficiency virus type 1 re verse transcriptase (Alarcon et al., 1984; Tan et al., 1991) . This prompted us to study the antiviral properties of the structurally related compounds 1-10. This work is connected with our interest in the chemistry and biological activity of the hydro xycoumarin components of Fraxinus spp. (Kostova, 1992; Lazarova et al., 1993) . R, = G 1 u , R 2 =Me, R 3=H 8 :
Compounds Dried and powdered bark (100 g) was extracted (3x) with 300 ml E tO H under reflux for 90 min. Esculin (5), 2 g, was isolated from the combined E tO H extracts after concentration to a small vol ume ( 2 0 0 ml) under reduced pressure, and crys tallization (3x) of the solid from E t 0 H -H 20 (1:1 v/v). Esculetin (1) was prepared by acid hydrolysis (10% aqueous H 2 S 0 4, 4 h) of pure esculin, fol lowed by crystallization from E tO H -H 20 (1:1 v/v). Fraxetin (8 ) was purchased from Aldrich Chem i cal Co. (Milwaukee, Wisconsin, U.S.A.). Samples 0939-5075/96/0700-0558 $ 06.00 © 1996 Verlag der Zeitschrift für Naturforschung. All rights reserved. N of 6,7-dimethoxycoumarin (4), 7-methylesculin (7) and 6,7,8-trimethoxycoumarin (10) were prepared by C H 2 N 2-methylation of 1 , 5 and 8, respectively, using standard procedures. Acetylation of 1, 5 and 8 by A c2 0/Pyr (room temperature, 24 h) afforded the corresponding acetates 2, 6 and 9. Isoscopoletin (3) was prepared by acid hydrolysis (10% aqueous H 2 S 0 4, 4 h) of 7-methylesculin (9). The identity of compounds 1-7, 9 and 10 was proven on the basis of their physical and spectral data ( Table I) , compared with literature data (Kuznet sova, 1967; Tsukamoto etal., 1984 Tsukamoto etal., , 1985 and by direct comparison (co-TLC) with authentic sam ples (Kostova, 1992) . The purity (>97%) of all compounds used in this study was confirmed by TLC and RP-HPLC (Nykolov et al., 1993) . Ribavi 
Cell cultures
FL cells were grown in a medium containing 1 0 % heated calf serum in a mixture of equal parts of medium 199 (Difco) and Hanks' saline, supple mented with penicillin (100 IU/ml and streptomy cin ( 1 0 0 [ig/ml).
Primary chick embryo fibroblasts cultures (C E C ) were prepared after Porterfield (1960) by seeding suspension, 1-I.5 x l0 6 cells/ml, in a growth medium Eagle's M E M (Difco) supple mented with 1 0 % calf serum. A second overlay containing 1.5% w/v agar and 0 .0 2 % w/v neutral red in physiological saline was added following incubation. The antiviral effect (E) of a given compound was recorded on the ba sis of the size [diameter (cp), in mm] of the zone of plaque inhibition (cpj) and the zone of cytotoxycity (cpt) (four cylinders per compound, situated in a separate petri dish each) and designated as follows: -, Acp < 5 mm; ±, Acp = 6-10 mm; +, Acp = 11-20 mm; ++, Acp = 21-40 mm; +++, Acp > 40 mm.
Viruses

Cytopathic effect (CPE) inhibition multicycle test
Monolayer cell cultures of C E C grown in 96-well plastic microplates were used. Compounds (at subsequent 0.5 log10 dilutions within the 0.1-320 (.im concentrations range) were applied in the maintenance medium [Eagle's M E M (Flow) with 2 % calf serum and antibiotics] immediately after virus inoculation at three different viral doses ( 1 0 , 100 and 1000 CCIDso/well). Three wells per test sample were used. CPE were scored on a 0-4 ba sis with 4 representing total cell destruction. These data were used to obtain dose-response curves for each compound at a given viral dose. From these graphs the minimal concentration causing a 50% reduction of CPE as compared to the untreated controls (M IC 50 value) was determined.
Cytotoxicity test
Compounds tested were added to the growth medium [10% calf serum and antibiotics in Eagle's M E M (Flow) for CEC] immediately before cell seeding in 24-well plastic microplates (three wells per sample). The cell count per well was deter mined every 24 h and the dose-response curve was drawn for each compound. The compound cyto toxicity was assessed by following the course of cell growth until the stationary phase, when the cell growth 50% inhibitory concentration (C G IC 50) was evaluated.
Results and Discussion
Primary screening for antiviral activity was car ried out using the agar-diffusion plaque-inhibition method with cylinders (Rada and Zävada, 1962; Galabov et al., 1980) . It involved testing of com Table II . Screening of hydroxycoumarin derivatives 1-10 for antiviral activity by the agar-diffusion plaque-inhibition test1 1 . pounds against one representative in each of the four taxonomic viral groups; namely, picorna-, orthomyxo-, paramyxo-and herpes viruses, which represent a few of the most important families of human pathogens. The viruses used were PV1, FPV, N D V and PsRV, respectively. Compounds showing a marked antiviral effect were then studied in the C PE inhibition multicycle system. A compound is considered to have a marked anti viral effect in the agar-diffusion plaque-inhibition assay if the difference between the diameter of the zone of inhibition (cpj) and the diameter of the zone of toxicity (cpt) is greater than 1 0 mm.
As seen in Table II , two of the ten hydroxycoumarin derivatives tested showed activity against NDV, namely esculetin (1) and its diacet ate (2 ), when applied in cylinders at a dose of 2 . 8 and 1.9 mivi/0.1 ml, respectively. Their activity was significant, although inferior when compared to that of ribavirin (used as a reference paramyxo virus inhibitor) at a dose of 2.0 mM/0.1 ml. 1 and 2 showed a marked toxicity area in this test, lack ing in ribavirin even when applied at a twice higher dose (4.1 mM/0.1 ml). The remaining com pounds tested were without effect on the replica tion of the four viruses studied. Evidently, no de finitive conclusions could be drawn regarding structure-activity correlations. Nevertheless, it could be noticed that methylation and glucosylation of esculetin (1 ) lead to a loss of activity. Table III summarizes the results of a more de tailed analysis of 1 and 2 effect on N D V replica tion in CEC. As far as cytotoxicity is concerned 1 is less toxic to C E C than 2, and a slight stimulation of cell growth (a cell count 2 1 -2 8 % higher than that observed in the negative control) was founds with 1 at a concentration of 56.2-112.4 jiM (not documented).
In contrast to lack of toxicity of ribavirin in the agar-diffusion test, study of the influence of ribavi rin on C E C growth curve revealed toxicity approx imately twice higher than that of 1 and signifi cantly higher than 2 (Table III) . Evidently, ribavirin possesses a strong effect on cell growth.
A marked dependence of antiviral effect on viral dose value was found for 2. As seen in Table III, a   Table III . Antiviral effect of compounds 1 and 2 on N D V replication in C E C (CPE inhibition test)a. 1 2 -fold decrease in antiviral activity (M IC 50 val ues) was observed when the viral dose was increased from 10 to 100 ID 5o/well. Com pound 1 exhibited marked activity over a broader range of viral dose values. Ribavirin manifested a higher activity than 1 at 10 and 100 C C ID 50/well (M IC 50 and SI values 9 and 5 times lower, respectively). As compared to 2 , ribavirin was also more active, clearly seen at 100 C C ID 50/well (15 and 13 times lower M IC 5< ) and SI values, respectively). However, at 1000 C C ID 50/well ribavirin was inactive, while 1 still showed a marked antiviral activity.
The results obtained provide impetus for the in vestigation of more structural analogues of the hy droxycoumarins. Except for ribavirin which is used only topically in respiratory syncytial virus infec tion in children because of its high toxicity, no other selective inhibitors of paramyxovirus repli cation are known.
